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Table II – Sensory scores of the samples of bread (broa) manufactured under different baking conditions
DISCUSSION and CONCLUSIONS
The goal of the present work was to evaluate the effect of
given variables that play a role during the baking process of
broa (a traditional type of sourdough bread) upon consumer
acceptability and, at the same time, to try to correlate
those sensory aspects with chemical parameters measured in
a previous work (pertaining to samples from the same batch).
For that purpose, different breads (broas) were produced
resorting to all possible combinations of 4 types of maize
flours, mixed with one type of rye flour at 2 different
proportions, and coupled with 2 kinds of starter culture,
thus giving rise to 18 distinct combinations. Five (replicate)
breads were produced per combination, and one standard
broa (used as control) was also produced in each batch.
The samples obtained after baking were submitted to
sensory scoring by a trained sensory panel; all panellists
were experienced in sensory assessment, and particulary in
evaluation of baked products.
This study has shown that changes in the baking process of
broa can be perceived by, and optimized toward consumer
sensory analysis, although the information on sensory
perception and chemical testing may be different in both
kind and magnitude.
According to the results of the chemical analysis, one concludes that:
 The type of flour has a strong effect on the bread chemical properties
 Broa made with Portuguese regional maize flour (MR) had the highest acidity, which is desirable for its storage and
unique character
 The type of starter culture had an important role on the final characteristics of broa: the diverse and rather
complex wild microflora contained in the sourdough starter (isco) resulted in bread characterized by high acidity and
high levels of total sugars, dietary fibre and total lipids
 Apparently, regional maize flour and isco seem to be a particular suitable process by combination to desired broa, as
they lead to an acidic bread with consequently longer shelf life
 On the contrary, the relative proportions of flours (maize and rye) and the type of milling did not provide evidence
for leading to a significantly distinct character
According to the results of the sensory tests, one concludes that:
 Although chemically different, our experimental results unfolded no pronounced distinction in the sensory scores,
when comparing the type of maize flour used for baking
 Our results indicated that bread manufactured with MHD flour (i.e. the one possessing the lowest %Moisture,
%Ashes, %Chlorides, %Total sugars and %Total lipids, and one of the lowest %Total proteins) exhibited the lowest
bran scores in crumb appearance
 Bread manufactured with F175 flour had the highest, and MR flour (i.e. the one possessing the highest %Acidity
and %Total lipids, and the lowest pH, %Dietary fibre and %Total proteins) had the lowest porosity scores in crumb
appearance
 Generally, the highest scores in crumb texture regarding the tact were received by bread manufactured with MHD
 The highest scores regarding the Texture in mouth are entertained by bread manufactured with MHF (i. e. the one
possessing the highest %Chlorides, %Dietary fibre, %Total proteins, %Ashes and %Moisture)
 Bread manufactured with MR exhibited the lowest scores in Odour
 In what concerns the effect of type of starter culture, the bread manufactured with isco (i.e. the one possessing
highest %Acidity, %Total sugars, %Dietary fibre and %Total lipids) received the highest sensory scores for almost all
parameters, except Crumb texture regarding the tact evaluation
 The highest scores were mainly those obtained for bread manufactured with bakers’ yeast
 Chemically speaking, broa with isco could be distinguished because of its highest acidity, %Total sugars, %Dietary
fibre and %Total lipids
 Conversely, the proportion of rye flour seems to be an important factor to differentiate broa: the higher the
content of rye flour in broa, the higher the scores in Crumb appearance and in Odour, and the lower the scores in
Crumb texture to the tact and in Crumb taste
 The same happened with the grinding process: even though there was no clear distinction in chemical terms, bread
baked with maize flour proceeding from an electric flour-mill had the highest scores for all parameters, but the
Crumb taste scores
 This study has shown that changes in the baking process of broa can be perceived by, and optimized toward
consumer sensory analysis, although the information on sensory perception and chemical testing may be different in
both kind and magnitude
  A1 A2 A3 B1 B2 C1 C2 C3 C4 D1 D2 D3 E1 E2 E3 E4 E5 F1 F2 F3 F4 
    Type of maize flour 
MR Mean 2,9 2,41 2,13 2,75 2,39 2,91 1,7 3,3 1,84 2,94 1,63 2,7 3 1,8 1,6 2,5 1,7 2,2 2,3 2,3 2,29 
 SD 1,1 0,31 0,57 0,77 0,71 0,38 0,6 0,45 0,7 0,23 0,26 0,37 0,3 0,6 0,4 0,6 0,2 0,4 0,5 0,5 0,52 
MHD Mean 2,7 2,12 1,66 2,85 2,4 3,2 1,6 3,51 2,55 2,95 1,93 2,8 3,1 1,6 1,7 2,1 1,6 2,5 1,6 1,4 2,4 
 SD 1,4 0,4 0,21 0,72 0,56 0,65 0,7 0,83 0,86 0,23 0,29 0,88 0,3 0,5 0,4 0,4 0,3 0,6 0,6 0,5 0,73 
MHF  Mean 3 2,78 1,96 2,99 2,66 2,7 2 3,17 2,33 3,18 1,7 2,86 3,2 2,2 1,5 1,5 1,3 2,2 2,3 2,3 2,47 
 SD 1,2 0,29 0,2 0,36 0,52 0,99 1,2 0,94 1,16 0,21 0,34 0,75 0,4 0,4 0,4 0,3 0,3 0,6 0,9 0,9 0,62 
F175 Mean 2,8 2,69 2,13 3,22 2,84 2,99 1,5 3,59 2,16 3,19 1,84 3,13 3,2 2,1 1,5 2,1 1,1 2,6 1,8 1,5 1,69 
 SD 1,5 0,31 0,1 0,26 0,41 0,72 1,2 0,87 1,15 0,41 0,37 0,92 0,3 0,3 0,5 0,3 0,2 0,7 0,6 0,8 0,22 
    Type of starter culture 
Isco Mean 2,9 2,44 2,14 2,95 2,91 2,74 1,7 3,28 2,36 3,14 1,78 2,96 3,2 1,9 1,7 2 1,4 2,4 2 2,1 2,33 
 SD 1,2 0,52 0,4 0,63 0,56 0,61 0,8 0,47 0,95 0,21 0,27 0,71 0,2 0,5 0,4 0,6 0,3 0,4 0,7 0,7 0,73 
Yeast Mean 2,7 2,53 1,79 2,91 2,26 3,09 1,6 3,64 2,15 2,98 1,69 2,77 3,1 2 1,4 2 1,4 2,5 2 1,9 2,25 
 SD 1,2 0,36 0,23 0,58 0,36 0,76 1 1 0,98 0,3 0,34 0,71 0,4 0,5 0,3 0,6 0,4 0,7 0,8 0,9 0,51 
    Amount of rye flour  
15%rye Mean 4 2,6 1,92 3,36 2,88 2,6 2,4 3,03 1,49 3,19 1,95 3,45 3 2 1,4 1,9 1,4 2 2,4 2,4 2,17 
 SD 0,3 0,36 0,29 0,36 0,56 0,68 0,5 0,44 0,47 0,24 0,27 0,4 0,2 0,6 0,4 0,5 0,4 0,4 0,5 0,6 0,63 
50%rye Mean 1,7 2,38 2,01 2,5 2,29 3,23 0,9 3,89 3,01 2,93 1,53 2,28 3,2 1,9 1,7 2,2 1,5 2,8 1,6 1,6 2,41 
 SD 0,5 0,47 0,44 0,45 0,42 0,58 0,5 0,84 0,65 0,23 0,16 0,34 0,3 0,4 0,4 0,6 0,3 0,5 0,6 0,7 0,6 
    Type of mill 
MA Mean 2,9 2,41 1,91 2,88 2,47 2,81 1,6 3,58 2,33 3,01 1,78 2,82 3,2 1,8 1,7 2,1 1,5 2,5 2 2 1,95 
 SD 1,2 0,41 0,21 0,66 0,59 0,74 1 1,01 1,13 0,26 0,33 0,67 0,4 0,6 0,4 0,7 0,3 0,6 0,8 0,8 0,42 
ME Mean 2,8 2,49 1,96 2,88 2,61 2,99 1,8 3,29 2,21 3,06 1,67 2,82 3,1 2 1,4 1,8 1,5 2,4 2,1 2,1 2,83 
  SD 1,2 0,48 0,52 0,61 0,6 0,69 0,7 0,5 0,76 0,22 0,26 0,71 0,3 0,4 0,3 0,4 0,4 0,6 0,7 0,7 0,41 
 
Colour Elasticity Gumminess character Hardness Friability Global Acidic Maize/rye Global Sweetness Acidic Bittness Salt Friability Adhesiveness/Gumminess Moistness Particles/Graininess
Amount Size Amount Size
A1 A2 A3 B1 B2 C1 C2 C3 C4 D1 D2 D3 E1 E2 E3 E4 E5 F1 F2 F3 F4
Standard 1 4,01 2,79 2,18 3,50 2,96 2,46 2,27 3,01 1,51 3,20 1,82 3,51 3,01 1,74 1,61 2,45 1,50 2,18 2,59 2,24 1,64
MRxMA, 15%rye, Isco 2 2,00 3,25 2,25 2,80 2,38 1,63 3,25 2,25 3,00 1,38 2,25 3,38 2,13 1,63 2,50 1,63 2,50 2,50 2,50 2,50
MRxMA, 15% rye, Yeast 3 1,75 2,75 1,50 2,00 1,75 3,63 1,00 3,63 2,75 3,00 1,57 2,25 2,63 2,88 1,00 1,50 1,88 2,63 2,13 1,88 2,50
MRxMA, 50% rye, Isco  4 3,88 2,63 2,63 3,00 2,63 2,50 3,13 1,50 3,00 1,63 2,75 2,88 2,13 1,38 2,00 2,00 1,75 2,75 2,88 3,00
MRxMA, 50% rye, Yeast 5 3,50 2,38 1,63 3,50 2,25 2,63 2,13 3,00 1,13 2,75 1,38 3,13 2,71 2,13 1,25 2,13 1,63 1,50 2,63 2,88 2,88
MRxME, 15% rye, Isco 6 1,88 2,00 2,38 1,60 3,13 1,25 2,63 2,38 2,88 1,63 2,75 3,38 1,75 2,38 3,13 1,50 2,29 1,86 2,14 1,57
MRxME, 15%rye, Yeast 7 1,88 2,50 2,13 1,88 1,71 3,00 0,88 4,13 2,50 2,50 1,50 2,38 3,00 1,00 1,75 3,38 1,43 2,75 1,63 1,63 2,00
MRxME, 50%rye, Isco 8 3,88 1,88 3,50 3,60 2,88 2,00 3,50 1,25 3,13 2,13 3,00 3,14 1,13 1,88 2,75 1,63 2,43 2,86 2,71 1,71
MRxME, 50%rye, Yeast 9 4,25 2,00 2,00 3,88 2,38 3,00 2,13 3,13 1,00 3,25 1,88 3,13 3,00 1,63 1,50 2,63 1,88 2,13 2,00 2,00 2,13
MHDxMA, 15% rye, Isco 10 1,29 1,43 2,00 2,57 2,57 3,00 1,57 3,43 3,00 2,86 1,86 2,14 3,43 2,00 1,43 2,29 1,29 3,00 1,00 1,43 3,29
MHDxMA, 15% rye, Yeast 11 1,50 2,00 1,50 2,60 2,00 4,00 0,56 4,56 3,22 2,89 1,33 1,89 3,30 1,50 1,70 2,20 2,00 3,50 1,00 1,00 3,10
MHDxMA, 50%rye, Isco 12 4,00 2,71 1,86 4,14 3,57 2,43 1,71 3,00 1,71 3,00 2,00 3,86 3,00 1,43 0,83 1,29 1,14 2,14 2,43 2,29 3,14
MHDxMA, 50%rye, Yeast 13 4,00 2,40 1,60 3,11 2,40 3,60 2,10 3,40 1,80 3,20 2,10 3,70 3,00 2,20 1,50 1,80 1,20 2,50 2,00 1,40 2,70
MHDxME, 15% rye, Isco  14 1,29 1,86 1,71 1,71 2,29 2,43 0,57 4,43 3,86 3,00 1,57 2,14 3,57 1,57 2,14 2,29 1,86 2,57 1,43 1,43 2,00
MDHxME, 15%rye, Yeast 15 1,60 2,10 1,60 2,60 2,10 3,60 0,70 5,30 3,50 2,70 1,60 2,20 2,80 1,70 1,70 1,50 1,60 3,80 0,60 0,70 2,10
MHDxME, 50%rye, Isco 16 3,86 2,14 2,00 3,43 3,29 2,29 2,29 3,00 1,86 3,43 2,14 3,86 3,29 0,86 1,86 2,14 1,71 2,29 1,71 2,14 1,43
MHDxME, 50% rye, Yeast 17 4,10 2,50 1,50 3,10 2,40 3,40 1,60 3,60 2,10 2,90 2,00 3,40 3,00 2,20 1,80 2,00 1,50 2,50 1,78 1,70 1,60
MHFxMA, 15% rye, Isco 18 2,38 2,50 2,25 3,13 3,00 3,75 0,63 3,50 3,50 3,25 1,63 2,63 3,17 2,14 1,86 1,43 1,67 2,50 0,88 1,38 3,63
MHFxMA, 15% rye, Yeast 19 1,13 3,00 1,81 2,25 2,25 2,13 1,83 2,50 1,63 3,00 1,50 2,13 3,50 2,00 1,38 2,13 0,88 1,86 2,88 3,13 2,38
MHFxMA, 50%rye, Isco 20 4,13 2,75 1,75 3,14 3,63 2,13 2,88 3,00 1,63 3,57 2,00 3,63 3,00 1,86 1,86 1,57 1,29 1,75 2,63 2,88 2,25
MHFxMA, 50%rye, Yeast 21 3,71 3,00 1,75 3,25 2,13 3,63 2,63 3,13 2,38 3,25 1,63 3,50 2,88 2,13 1,00 1,38 1,50 2,63 2,13 2,00 2,63
MHFxME, 15%rye, Isco 22 2,88 3,00 2,25 2,63 2,63 3,50 0,75 3,63 3,75 3,25 1,38 2,75 3,00 2,29 1,57 1,71 1,14 2,88 1,25 1,38 2,63
MHFxME, 15%rye, Yeast 23 1,63 2,38 1,88 3,00 2,38 3,50 0,75 5,00 3,57 2,88 1,25 1,63 4,00 1,75 1,50 1,63 1,57 3,00 2,00 1,38 2,50
MHFxME, 50% rye, Isco 24 4,43 2,50 2,00 3,25 3,00 1,75 2,75 2,88 1,57 3,13 2,13 3,75 2,86 2,29 1,57 1,43 1,14 1,88 2,75 2,88 2,38
MHFxME, 50% rye, Yeast 25 3,38 3,13 2,00 3,25 2,25 1,25 3,75 1,75 0,63 3,13 2,13 2,88 2,86 3,00 0,88 1,13 0,86 1,25 3,75 3,63 1,38
F175, 15%rye, Isco 26 1,25 2,38 2,14 3,00 2,63 3,71 0,75 3,75 3,38 3,25 1,75 2,00 3,13 1,88 2,13 2,38 1,25 3,13 1,50 1,00 1,63
F175, 15%rye, Yeast 27 1,75 2,63 2,13 3,00 2,38 3,50 0,25 4,75 2,88 2,63 1,50 2,75 3,13 1,88 1,38 2,25 1,13 3,25 1,25 0,75 2,00
F175, 50%rye, Isco 28 4,00 3,13 2,25 3,50 3,13 2,38 2,63 2,75 1,38 3,25 1,75 3,88 3,00 2,57 1,00 1,63 0,88 1,88 2,38 2,38 1,50
F175, 50%rye, Yeast 29 4,25 2,63 2,00 3,38 3,25 2,38 2,38 3,13 1,00 3,63 2,38 3,88 3,63 2,00 1,38 2,25 1,13 2,00 2,25 1,88 1,63
Bran in the crumb appearance Porosity in the crumb appearance
Crumb appearance Crumb texture to the tact Odour Crumb taste Texture on the mouthfeeling/Mastication
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Table III – Mean values of the sensory scores (and corresponding standard deviations, SD) from the
bread manufactured and which have in common at least one process variable (calculated from Table II)
Figure 2 – Observation plot on axes 1 and 2.
Figure 1 – Loading plot on axes 1 and 2.
BAKING TESTS:
Baking tests were carried out with all possible combinations of:
 4 different types of maize flour:
- Portuguese regional maize flour, MR
- Dentated hybrid maize flour, MHD
- White hybrid maize flour, MHF
- Flint maize flour type 175, F175
 Grinding in 2 different types of mill:
- electric flour-mill, ME
- watermill, MA
 One type of rye flour at 2 different relative proportions:
- 15%
- 50%
 2 kinds of starter culture:
- bakers’ yeast, yeast
- sourdough, isco
Five (replicate) breads were produced per combination, and one standard broa
(used as control), manufactured with 50% maize flour F175 (one of the most
common industrial flours used for baking) and with bakers’ yeast, was produced in
each batch as well. Those gave rise to 18 distinct combinations, as shown below.
Table I – Correspondence between baking tests and nomenclature used
SENSORY TESTS:
The samples obtained after baking were submitted to sensory scoring by a trained
sensory panel; all panellists were experienced in sensory assessment, and in
particular in evaluation of baked products. The properties evaluated were:
1. Crumb appearance




1.2 Porosity in crumb appearance
1.2.1 Amount, B1
1.2.2 Size, B2
2. Crumb texture to tact
2.1 Elasticity, C1













5. Texture on mouthfeeling/mastication
5.1 Friability, F1
5.2 Adhesiveness or gumminess, F2
5.3 Moistness, F3
5.4 Particles/graininess, F4
Standard 1  MHDxMA, 15% rye, Yeast 11  MHFxMA, 50%rye, Yeast 21 
MRxMA, 15%rye, Isco 2  MHDxMA, 50%rye, Isco 12  MHFxME, 15%rye, Isco 22 
MRxMA, 15% rye, Yeast  3  MHDxMA, 50%rye, Yeast 13  MHFxME, 15%rye, Yeast 23 
MRxMA, 50% rye, Isco  4  MHDxME, 15% rye, Isco  14  MHFxME, 50% rye, Isco 24 
MRxMA, 50% rye, Yeast 5  MDHxME, 15%rye, Yeast 15  MHFxME, 50% rye, Yeast  25 
MRxME, 15% rye, Isco 6  MHDxME, 50%rye, Isco 16  F175, 15%rye, Isco 26 
MRxME, 15%rye, Yeast 7  MHDxME, 50% rye, Yeast  17  F175, 15%rye, Yeast 27 
MRxME, 50%rye, Isco 8  MHFxMA, 15% rye, Isco 18  F175, 50%rye, Isco 28 
MRxME, 50%rye, Yeast 9  MHFxMA, 15% rye, Yeast 19  F175, 50%rye, Yeast 29 
MHDxMA, 15% rye, Isco 10  MHFxMA, 50%rye, Isco 20    
 
